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了未经还原处理的银催化剂在富氧气氛中（P(C3H6)/P(O2) = 2.53 kPa/98.8 kPa）
催化丙烯环氧化反应的性能。从催化性能和催化剂的结构特征两个方面，研究
了助剂 Na+和 Cl-对 Ag/MgO 催化剂的修饰作用。对催化剂中活性组分 Ag 的存
在状态和催化剂的环氧化性能之间的关系进行了详尽地探讨。 
研究发现，载体为 MgO、ZrO2 和 CaCO3 的 Ag 催化剂表现出催化丙烯环氧
化反应的性能，其中 5 wt% Ag/MgO 催化剂上环氧丙烷（PO）收率 高。同时
发现 Ag/MgO 催化剂经 Na2CO3 和 NH4Cl 共同修饰后，能有效地抑制丙烯的深
度氧化反应，从而提高 PO 的选择性。改变多种影响因素（焙烧温度、钠源、
钠含量、氯含量、银含量等）对催化剂进行优化，发现 10 wt% Na+-0.3 wt% Cl--20 
wt% Ag/MgO 催化剂上，PO 的选择性 高（为 51%），此时丙烯转化率为 1.1%。
在该催化剂上当丙烯转化率提高到 29%时，PO 选择性可维持在 21%。在 10 wt% 
Na+-0.3 wt% Cl--5 wt% Ag/MgO 催化剂上，当丙烯转化率为 2.4%时，PO 的选择
性可达到 24%。10 wt% Na+-0.3 wt% Cl--5 wt% Ag/MgO 催化剂存在 PO 选择性
随反应时间的增加而下降的现象，但是通过提高反应气中氧气分压
（P(C3H6)/P(O2) = 1.68 kPa/99.6 kPa）可将 PO 选择性保持在 24%左右。 
5 wt% Ag/MgO催化剂的TEM和 20 wt% Ag/MgO催化剂的 SEM结果表明，
助剂 Na2CO3 促使催化剂中银粒子的尺寸增大。XRD 结果表明，Ag/MgO 催化
剂中银物种主要为还原态的金属银，没有氧化银的存在。同时 XRD 谱图也表明，
经Cl-修饰的Cl--Ag/MgO催化剂和Na+-Cl--Ag/MgO催化剂中有微量的氯化银的
存在。UV-Vis、XPS 和 O2-TPD 表征发现，助剂 Na2CO3 和 NH4Cl 修饰前后的
催化剂中均同时存在氧化态 Ag 和金属态 Ag 。同时在 10 wt% Na+-0.3 wt% 
Cl--20 wt% Ag/MgO 催化剂上还发现，反应气氛下表面氧化态的 Ag 物种不断被
还原。O2-TPD 表征发现助剂 Na2CO3 和 NH4Cl 的存在提高了催化剂中 Ag 的次
表面氧含量和稳定性。我们认为催化剂中氧化态 Ag 物种抑制了 CO2 形成，促

















Epoxidation of propylene with oxygen as the oxidant over Na+ and Cl- modified 
Ag/MgO catalysts were studied. A series of supported Ag catalysts were examined in 
O2-rich stream (P(C3H6)/P(O2) = 2.53 kPa/98.8 kPa) without reduction pretreatment, 
which is significantly different from other Ag catalytic epoxidation system reported 
so far. Structures and catalytic performances have been investigated. The active sites 
of the catalysts for the epoxidation have been discussed. 
It was found that MgO and CaCO3 were suitable supports of Ag catalysts for 
propylene epoxidation and Ag/MgO catalyst gave the highest yield of propylene 
oxide (PO). Modification of Ag/MgO with both Na2CO3 and NH4Cl resulted in 
improvement in their catalytic performance. And the Na+-Cl--Ag /MgO catalysts 
were further investigated through factors such as calcination temperature, sodium 
precursors, sodium content and silver content. The highest selectivity (51%) of PO 
was obtained over 10 wt% Na+-0.3 wt% Cl--20 wt% Ag/MgO catalyst while C3H6 
conversion was 1%. Over some catalysts, PO selectivity of 21% was also obtained at 
a C3H6 conversion of 29%. As to 10 wt% Na+-0.3 wt% Cl--5 wt% Ag/MgO catalyst, 
a PO selectivity of 24% and a C3H6 conversion of 2.4% could be achieved. For 10 
wt% Na+-0.3 wt% Cl--5 wt% Ag/MgO catalyst, a decline in PO selectivity and an 
increase in C3H6 conversion were observed while the reaction prolonged. We 
suggested that the changes of the catalystic performance were caused by the 
reduction of Ag+ species and could be restrained by decreasing partial pressure of 
C3H6 proportion to P(C3H6)/P(O2) = 1.68 kPa/99.6 kPa.  
The effects of Na+ and Cl- on the enhancement of the catalytic performance of 
Ag/MgO catalyst were probably due to both physical and electronic changes in the 
properties of the catalyst. XRD results suggested that metallic Ag was the main Ag 
species in both catalysts with and without modification, and no Ag2O or other silver 
oxide species were found. For Cl--Ag/MgO and Na+-Cl--Ag/MgO catalysts, AgCl 
would be detected. Characterization by O2-TPD, XPS and UV-Vis confirmed that the 
presence of surface Ag+ species in the catalysts favored the epoxidation of propylene 
and also suppressed the formation of COx.  
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